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Rubnerts law of isodynamic equivalence became obsolete 
about twenty-five years ago. Before the. t time the concept. 
that one food stuff' might. with tinimportant limitations. be 
replaced by another so long as the total energy supplied was 
undisturbed• was orthodoxy (Hopkins. 1923). The study of the 
vitamins bas developed so as to nearly constitute an exaot 
soienoe. On the other hand, with increasing impetus our 
newspapers. magazines. bill boards and radio. __ proclaim the 
value and varied use of the vitamins to all. The word. 
vitamin, bas become a household term. The natural source 
of these substances is merely food. These conditions have 
more or less divorced the vitamins from therapeutics and the 
medical profession. Now, with the more or less recent isolation 
and synthesis of all of the vitamins except vitamin E. one 
wonders if the oomrneroialization of these nutritional factors 
hasn't resulted in loss of interest in this subject by the 
physician and surgeon. 
My purpose, then. in presenting this thesis is an attempt 
to cover some of the more practical problems concerned with 
subclinioal hypovita.minosis C and thereby stimulate the curiosity 
of those who may read it. For that reason, you will find some 
studies in Chemistry. physiology, pathology, immunology and 
diagnosis followed by some clinical aspects. 
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CHEMISTB'Y AND PROPERTIES OF VITAMIN C 
While studying the peroxidase systems of tissues Szent-
Gyorigyi, (1928) isolated and described a highly reducing sub-
stance from boTine adrenal glands. This substance was found 
by him to be an isomer of glycuronio acid but differed in its 
high reactivity. To this substance he gave the empirical for-
mula Cs Ha Os • This substance, helCUronic acid, was not rec-
ognized as an antisoorbutio until 1932 when King and Waugh found 
it to be identical with orystaline antiscorbutic they had derived 
f'ran lemon juice. This finding was confirmed by Svirbely and 
Szent-Gyorgyi in their next paper. Within a short time, by 
independent investigation, Harris and Ray (1933) and Karrer, 
(1933) also identified the vitamin and the latter showed that 
care:f'ully fractioned crystallization prevented production of 
crystals of varying potency. 
One of the earliest questions to arise was whether the anti-
scorbutic effects were due to the ascorbic acid or due to impuritl.es. 
Rygh, (1932) expressed the belief that he had isolated vitamin c 
fl"om orange juice and identified it as menthylnornarootine, which 
he claims was antiscorbutic to guinea pigs. Grant, Smith and Zilva 
(1932) were unable to confirm this. Later in 1932 Rygh and Rygh 
found that though methylnornareotine prevented scurvy, it did not 
enable the guinea pigs to live. They bad found that by adding 
glucuronic acid to the diet the guinea pigs lived and remained healtµy. 
From this work, they concluded that Szent-Gyorgyi's hexuronic 
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aoid was antiscorbutic only because of traces of methylnornarcotine 
in the substance. In the light of later work this is untrue. Karrer 
(1933} showed that antiscorbutic properties are present in the most 
oaretully prepared cevatamic acid. 
Vitamin C is the laotone of threo-3 keto hexonio aoid (Booth 
and Hansen. 1937}. The substance is an odorless, white or yellowish 
white orystaline powder with a melting point of 192 degrees 
centigrade (Wright and Lilienfled, 1936 and King 1938) nioh 
decomposes at temperatures over 192 degrees. It,is soluable in 
water. acetone, acetic ether and propyl alcoholJ insoluable 
in ethyl ether and purified petroleum benzine (Szent-Gyorgyi 
1928 and Svirbly and King. 1931-1932). The dry crystals of 
asoorbio aoid are stable on exposure to air and daylight at ro011 
temperatures for over a period of several years. 1hey tend to 
become buff colored without undergoing appreciable decomposition. 
Humphrey (1926) found dried orange juice still effective in 
preventing scurvy after five years. In aqueous solution the 
rate of aerobic oxidation is greatly accelerated by exposure to 
light• especially in the presence of flavins (King 1938) and in 
alkaline solution (Booth and Hansen, 1837). The action or light 
does not take place in the absence of oxygen (Kon and Watson, 
1936). Catalysis greatly increases the volicity of oxidation 
and destruction of the vitamin in solution (Hess and Weinstock• 
1934). EVen traces of heavy metals cause rapid' oxidation of 
aerobic acid (Ecker, Pillemer, Wertheimer, and Gradis, 1938). 
Vitamin C bas Tet;y high reduoing powers. remarkable because 
oxidation of the acid is r&Tersible. It is Gld.clilted an.d reduced 
alternately giving off and "ta.king up ttro atoms of hydtogen. 
Thu it aots as a hJdrogen oarrier be'breen the different parts 
of its oxidation system (Haworth. 1933). 
Chemical Determination of Aseorbic Aoid1 
Chemical determination of asoorbio acid as set out by Harris 
and Ray (1933) is based on a modifioation of the use of Till.mans 
indicator. sodium 2•6• di-chlorophenolindophenol. The essential 
features consist of a preliminary extraction prooess with tri-
ohloraoetio aoid toll""8d by titration An acid solution• 
l!mmerie & van Eeklen (1937) found that sulfur compounds• 
(cysteine. ergothioneine and th.iosulfate) interferred with 2.6 
diohorophenolindophenol during titration. They advocate .the 
use of mercuric •••tate to precipitate these compounds. ~ey also 
suggest the use ot hydrogen sulfide to regenerate the reversibly 
oxidized asoorbic aoid byreduotiGJJ.. 
In 1936 Tauber and Kleiner extracted an enzyme from the 
perioa.rp of ripe Hubbard squash which they thought to be speoitio 
tor ascorbic aoid. They advooa ted determination of the reduo ing 
capacity before and after destruction of the vitamin by this 
oxidase as a means of increasing the speoifioity of the test. 
Srinivasan (1937) ·was of the same opinion. This method does not 
increase the speoifioity of the test for Johnson and Zilva (1937) 
showed this oxidase to be noaspecifio for the oxidation of ascorbic 
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aoid. 
Bessey (1938) is of the opinion that sinoe most inter-
£erring substanoes found in natural systems reaot with the 
indioator at a peroeptably slower rate than asoorbio aoid under 
the conditions of' titration the precision in most oases is still 
with the range of biologio variation. For this reason he oonaiders 
the merourio acetate method of "9nmerie as olumsy and also is of' 
the opinion that reversiblcy Oxidized asoorbio acid• dehydroasoorbio 
aoid• represents an insignificant partion of the true biologic 
value of fresh or stored produots. Therefore he feels the use 
of hy.lrogensulfide is also unnecessary. 
PHYSIOLOGY OF VIfAMIN C 
Vitamin C is necessary to normal p}q'siologioal activity of 
the organism. It is apparently one of the oxidation reduction 
syst•a of the body, possi'ble acting aa a eydrogen carrier ~·: 
the systs. (Hopkins and Morgan. 19$6). 
The fact that of the animals only man, the other prim.a.tea 
and guinea pigs are incapable of synthesizing vitamin C in the 
'body ll&a long been established (Holst-Frolich. 1907J King •. Booth 
and Hansen, 1987). HUmans do not excrete ascorbic acid in the 
urine or excrete it only to a limited extent when ingested by 
them, uiiless they are fully saturated (Hess and Benjamin, 1934J 
Johnson and Zilva. l934J Harris and Ray. 1935). Taking into 
consideration the proposed renal threshold of 1.4 mg. percent 
blood plasma lnel (Faulkner and Taylor, l934J 1937) and the 
depletion of the body tissue concentrations on deficient diets 
(Zilva, 1936) one sees that the vitamin is either stored to some 
· extent or destroyed in the body. Thia is also brought out by 
the tact that massive doses of the vitamin per os do not bring 
up the excretory level for a varying period of time depending 
upon the degree of depletion (Johnson and Zilva, 1934). 
Intravenous administration may conf'U.se this picture. but it must 
be remembered that this method may result in excretion of ascorbio 
acid in urine because of the sudden rise of the blood plasma level 
before the tissues have been fully saturated (Eeklen and Heineman. 
1938). 
fhus we see tha't after the body bas beoome depleted of' the 
vitamin the early readministration first oause a restorage in 
the 'f'&l'ious tissues and when the defioienoy i• made up the 
exoess (lless and Benjamin 1934} vitamin is exorete4 in the 
urine. The net loss. or dU'terenoe between intake and 
exoretion in a saturated person may be taken as the quanti'ty' 
normally used pp by the body prooesses. This value varies with 
individuals but ranges between 25 and 60 mg. daily (Abbasy and 
Yddkin• 19361 King. 1938; Abt• and Farmer, 1938). Changing 
the aoid-base balanoe of the food intake may ohange the amount 
exoreted (lla11'1971 F~r, Button and Stevens, 1936). This 
alteration may be due to decreased absorption from the intestinal 
traot due to a •hanging ot baoterial f'lora aooompanying the 
change of diet (Erderer and Kramar, 1923). 
The tissues of the body show a seleotivi ty to Vitamin C 
in that the contents vary and exoessive a4miJ&tatration does not 
inorease the oonoentrationa in the tissues of' the various organs 
in a saturated subjeot (Zilva, 1936). In general, it may be 
stated 11hat the tissues whioh oontain the highest oonoentrations 
of vitamin Care thos•.obaraoterized by high metabolic activity 
(King 1938). Szent-Gyorgyi (1928) and Ko•poke(1937) are of the 
opinion that the~ vitamins are essential to normal tunotion of the 
emloerine system. Deticienoiea of vi tam in c. reduoe the asoorbio 
aoid content of the adrenal glands as muoh as 50 percent. The 
pituitary body contains the greatest amount. In ONer of 
descending oonoentration oomes the COl'PUS leuteum. adrenal 
cortex. young thymus. liver. brain. testes. ovaries. spleen. 
thyroid. panoreas. salivary glands. lµng. kidney. intestinal 
wall. heart muscle. spinal fluid and blood. The average 
oontent of blood plasma is normally about 1.2 mg. of the 
vitamin per: :hundred cubic centimeters (Abt. Farmer and 
Epstein. 1936) but depletion reduces this amount to o.a mg. 
as the prescorbutio state is reached and .to approximately 0•5 
mg. percent with the appearance of clinical sourvy (Faulkner 
and Taylor. 1937). 
In the absence of vitamin C all cellular functions seem 
to be injured to some extent. Asoorbie aoid is fundamentally 
important to the formation of normal intracellular substance. 
In bPPovitaminosis C this substance does not have normal 
properties (Wolbach and Howe 1926). The control of calcium 
metabolism also comes within the soope of vitamin C activity 
(King. 1938). Wolbach 1937 states that o•lolum metabolism 
is not directly effected but changes in bone and tooth 
structure are due to arrest of activity of the osteoblasts 
and ailontoblasts and the liberation of calcium salts through 
the resorption of bone matrix. With these phenomena in 
mind it is clear that vitamin O is essential for normal growth and 
development of the organism. (Booth and Hantlen. 1937). 
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Normal metabolic activity is moderately lowered during 
vitamin C depletion as indioated by ohanges in carbohydrate 
metabolism and decreased body temperature {Werkman• 1923). 
Carbohydrate metabolism has been shown to be influenced by 
vitamin c. Deple'tion induces a corresponding rise in the 
fa.sting blood sugar level and distinot;ly lowers the glucose 
tolerance. {Sigal and King, 1936). 
PATHOLOGY OF VITAMIN C DEFICIENCY 
The basis for and explanations of the lesions of Vita.min 
C detioienoy are quite imiversally agreed upon (Wolbach. 1937; 
Balldort. 1938). The specific physioligical action of ascorbic 
aoid in preventing these lesions however, is as yet unknown aDl 
probably involves the chemistry of the living cell. 
In 1922 Wt;lbaoh;and Howe characterized the condition of 
ioorbutus as the inability ot the supporting tissues of the 
organism to produce and maintain the intercellular substance. 
Dalldorf in 1938 describes this process in relation to the 
prototype of the mesenoh,aal structures. The cell type. 
the fibroblast. normally lies in an amorphous ground substanoe 
within which fibrils form. These fibrils become gathered 
together to form wavy bands of oollagen. In this tranaforaation 
of the reticulum to connective tissue the fibrils seem to be 
cemented together by a translucent matrix Which apparently 
sets as a gel. He suggests that this is the phase of the 
formation of interoellular materials Which may be oonyolled by 
Vitamin c. He has found that in guinea pig experimentation 
the fibroblasts are present in hypovitaminosis C but that the 
reticulum and collagen tail to form. The pathologic changes 
of scurvy as seen in the infant are so similar to tJiose found 
in a guinea pig experimentally that tacts asoertained from 
experimental study with the guinea pig are applicable to the 
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human being ('Wolbach •. l937). 
The intercellular substances concerned in vitamin C def':toienoy 
are the oollogen of all tissue structures. the matrices of bone. 
dentin and cartilage. and the nonepithelial cement substances. 
including that of ft.soular endothelium (Wolbach. 1937). 
Dalldorf ( 1939) agrees with this except that he feels the question 
as to whether the weak:nea• in the capillaries is in the cement 
of the endothelium or in the connective tissues surrounding the 
capillaries is as yet unsettled. 
The anatomic manifestations of scorbutic states are modi-fied 
by two factors, growth and stress. The effects of growth are 
directly concerned with the fact that osteoporosis resulting tram 
defioienoy is more pronounced where growth is more active. It 
has also been noted that the most rapidly growing bones at a 
particular age are most affected during scurvy. 
most frequent in woung animals and in children. 
occur in the adult. 
Bone pa.ins are 
They seldan 
Stress modifies th:e site of the lesions and determines the 
extent and involvement of the structures. Soft tissue changes 
are hemorrhages in the regions determined by meohancial stresses 
and trauma; also anasar.ea .. and degeneration of skeletal and cardiac 
muscle. Hemorrhages are due to mechanical weakness. occasioned 
by the lack of oollagenous materials in fibrous tissue •truotures 
in bone. 
In hemorrhages from the gums and the resorption of alveolar 
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processes and- loosening of the teeth the factors of stress and 
loss of intercellular materials are apparent. · The lesions of 
the teeth are characterized by the oesaa.t1on Cfif dentin form-
ation and separation of th~ pulp from the dentin by liquid. In 
presoorbutio states the true dentin is replaoed by osteodentin• 
a poorly formed deficient product of migrated or transformed 
osteoblasts. 
At the epidiaphyseal junctures in growing bones the 
separation of cartilage occurs because of resorption of the 
matrix and proliferation of osteoblasts. These osteoblasts 
assume shapes of fibroblasts and in some instances give rise 
to regions of edematous COlllleotive tissue. The cells become 
surrounded by a liquid. which may be a deficient product of 
continued activity toward matrix formation. 
Subperioateal hemorrhages occur due to loosening of the 
periosteum by proliferation of osteoblasts ot the periosteum 
in contact with cortical bone. ihis gives rise to a lEJY8r 
of cell without intercellular material and allows sepa.ra tion 
of the periosteum from the bone cortex. 
The lesion ot the skin that is characteristic of scurvy 
is the perifollicular or petechial hemorrhage. This is 
commonest on the lower extremities or wherever pressure exposes 
the weakness of the capillaries. 
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Ristologic repair following the administration of vitamin 
C in natural foods or as asoorbio acid is dramatic in oharacter. 
Within eighteen to twenty - four hours ('Wolbach. 1937) (Dalldort. 
193.8) repairative changes are in evidence. Osteoblasts disguised 
in morphology as fibroblasts begin again to lay down new matrix. 
New capillary formation beoanes possible• so that repair by 
granulation tissue formation proceeds in organization of blood 
clots and subsequent callous formation where the hemorrhages 
were in "contact with the bone. All normal processes of' repair 
are resumed• infractions and fractures heal and subperiosteal 
hemorrhages become in part ossified. 
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IMMlJNOIDGICAL ASPEnTS OF VITAMIN C 
Intense interest has been shown concerning the relation-
ship of Vitamin C to the defense mechanisms of the body. Zilva 
was disappointed in 1919 to find that Vitamin C was not the 
answer to prevention of infeotious processes. 
In the experimental work on this phase of vitamin C 
investigation the guinea pig has been extensively used. As 
previously stated Wolbach (1937) approves of their use and 
feels interpreations derived from such experimentation are 
applicable to human beings. 
Zilva (1919) maintained guinea pigs on scorbutic diets. 
To these he gave low doses of vi:tamin C, insufficient to 
protect them from scurvy but enough to prolong the duration 
of the disease tor several months. Control animals were 
kept in an apparently good state of health by feeding them 
cabbage ad lib. Both the scorbutic animals and the controls 
were irmnunized to typhoid organisms. The scorbutic animals 
yielded sera with as high ambooeptor and agglutinin titres as 
did tp.e controls. The scorbutic animals also showed no 
diminution in complement activity of the bloOd. 
Similar experiments were performed by Findlay in 1923. 
He also found the serum reactions showed little rupture in the 
defense mechanisms. Findlay's further studies inoluded detailed 
examination of the blood and hemopoetic organs of normal and 
scorbutic guinea pigs. In the scorbutic animals he found a 
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,,-.. 
gelatinous degeneration of the bone marrow which proceeded to 
hyaline degeneration. This pioture is also described by 
Wolbach (1937) as being found in both guinea pigs and children. 
Findlay also found no significant changes in the blood picture 
of chronic scurvy and aocounts for this in relati-0n to the 
hemopoetic organi: by the faotthat the changes merely decreased 
the number of hemopoetic cells rather than involving their 
development. However Findlay did observe that the scorbutic 
guinea pigs succumbed to smaller doses of bacteria injected 
intraperitoneally and that the symptoms of toxemia were manifested 
more rapidly. 
Werlanan (1923) concluded that depression of phagooytic 
activity in scorbutic animals was not due to failure of the 
animals to elaborate opsonins. but was due to sane other 
agent effecting phagocytosis. It is known that the phagooytio 
activity decreases with the lowering of temperatures. This may 
be the factor here for werkman also showed that hypovi tami.Jioilis 
a: caused subnormal temperatures. 
More recently Marsh (1936) depleted the vi tam.in stores 
ot the guinea pig for seven days and found that the complement 
as determined by a standardized hemolytic serum either disappeared 
completely or suffered reduction. Zilva {1936) criticizes Marsh 
in that no experimental evidence that complement activity suffered 
no changes in relation to vitamin c. 
In an extremely careful experimental study Ecker. Pillemer. 
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Wertheimer and Gradis (1938) concluded that there is a oorrelatian 
between the concentration of ascorbic acid in the blood plasma 
and the complementing activity of the serum in guinea pigs. 
Their method of determination is worthy of note for very few 
others found such a difference to exist between normal and 
scorbutic animals. 
The animals acted as their own controls. So as to eliminate 
all other factors, no green.food was used. Ascorbic aoid was the 
only source of vitamin c. Knowing that asoorbio acid is sapidly 
oxidiz'9d in the presence of traces of the heavy metals they 
used triple distilled water. and metal free glass. From previous 
experiments (Ecker, Pillemer and Wertheimer, 1938) it was known 
that ether anesthesia produces an increased concentration of 
ascorbic acid in the blood serum of both normal and scorbutic 
guinea pigs. In view of this.fact blood for the complement 
.determinations was taken from the heart liithout anesthesia. 
In the complement activity determinations the point of initial 
hemolysis was used as the basis of evaluation. 
The reversible oxidation-reduction behavior. of complement, 
as a single protein substance. was found to be dependent in large 
part upon the ascorbic acid content of the blood plasma. This 
correlation held true until a definite blood plasma level of l 
mg. percent ascorbic acid was reached. 
complement activity beyond this level. 
There was no change in 
The normal activity 
of compelement was contingent on its being in the reduced state. 
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Although other reducing substances such as glutathione. cysteine 
and hydrogen sulfide sould bring about reduction and activation. 
ascorbic aoid was to~ to be the reduoing agent of major 
importanoe in vivo. 
This last oitation has caused a renewed interest in 
this phase of .the study of the relationship of vitamin C 
to physiological processes. until this time it was quite 
generally agreed (Werkrnan. 1923J Robertson. 1934; Pakter and 
Shick• 1938) that vitamin C content of blood plasma did not , 
effect the immunological processes of the body. In the near 
future we may have an explanation for the apparently increased 
morbidity (as found by Findlay. 1923) and susoeptabili ty to 
infectious processes (to be discussed later) in hypovitamin-
osis c. 
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DIAGNOSIS OF VITAMIN C DEFICIENCY 
The a1111ptoms of frank aourvy are well known. They inolude 
inoreaaing pallor. irritability. sore mouth, spongy, bleeding 
gums, loosened teeth, loss of energy, anorexia, loss of weight, 
sore and swollen joints, peteoh~e and large superfioial hem-
orrhages, epistaxis. anemia, edema, fragility of bones and 
pseudo-paralysis. ot these, as brought out earlier in this 
paper, the preclomixiate e,.ptom depends upon the stage of the 
process, the age of the indiVidual and the factors of meobanioal 
stress. However, scurvy is not the first symptom of a lack 
of vitamin o, on the contrary, it is a very late premortal 
symptom, and between it and perfeot heal th the boundry is 
very vague. 
In the study then of aubolinioal sourvy the s1111ptoms suggestive 
ot )lypovitaminosis include the tollowing1 (Booth and Hansen. 1937). 
1. Hemorrhagic tendencies. 
2. Dental caries, pyorrhea. 
3. Vague aohes and pains• 
4. Fatigue, pallor, anemia. 
s. Abnormal outaneous pigmentation. 
s. Increased ausoeptibility to infection in general, 
and to specific oases of diptheria, and tuberoulosis. 
7. Joint disease strikingly similar to rhewnatio fever. 
a. Vagus nerve disturbanoe; increased pulse and 
respiration. 
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9. Sensory nerve disorders (paresthesias). 
10. Increased capillary fragility. 
Laboratory Diagnosisa 
Three widely used tests for hypovitaminosis Ct 
The blood plasma test is the estimation of reduced vitamin 
C in the blood by ohemioal test. This oo~siata of extraction 
followed by titration in acid solution aa disoussed in the 
section on Chemistry. Blood plasma values of less than 7.5 
'bo:a milligram percent of reduced vitamin indicate subnormal 
vitamin C intak.9 (.Abt, Farmer and Epstein, 1936; Faulkner and 
Taylor, 1937). 
In blood determinations of asoorbio aoid Heineman (1936) 
pNfers the use of whole blood for he states that the ratio of 
ascorbic acid content of erythrocytes to that of plasma varies 
under abnormal conditions, for instance, vitamin deficiencies 
or anemia. Gabbe (1937) thinks determinations in whole blood 
is impossible due to adsorption of ascorbic aoid by oxhemoglobin 
during precipitation of the oxyhemoglobin. J!Dmerie and van 
Eekelen (1937) disagree with this and show the loss is apparent 
in the presence of oxyhemoglobin because ascorbic acid is partly 
reversibly oxidized and can be regenerated by reduction with 
hydrogen sulfide. 
The urinary excretion test is based on the determination 
by chemical titration with 2, 6, diohlorophenolindophenol of 
the amount of vitamin C normally excreted in the urine; and the 
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response to a large test dose of pure ceviiamio acid. Abbasy. 
Barris. Ray and Jlarraok (19351) arrived at an excretory value 
of about 10 mg. as represanting the borderline between deficiency 
and adequacy. 20.mg. a moderately low intake and 40 mg. a liberal 
intake of the vitamin. In 1936• Harris. Abbasy and Yudkin oon-
oludecl that if a subject excretes less than 13 mg. of asoorbio 
aoid a day and fails to respond by a marked increase in excretion 
on the first or second day to a test dose of 700 m,g. per 10 stone 
(140 pounds. 63.6 Kg.) of body weight. his diet has contained 
less tban the reputed minimm-optimal quantity of vitamin c. 
Send.roy and Killer (1939) have shown where abnormally slow 
excretion of administered ascorbic acid does not necessarily 
indicate low ascorbic acid content of the body when renal 
funetion is tape.ired• because renal damage retards excretion. 
even where no ascorbic acid deficit exists. The effect of lowered 
kidney :tUnotion on ascorbic acid clearance runs approximately 
parallel to the effect on urea clearance. 
The capillary resistance test was first introduced by Hess 
and Fish in 1914 and popularized by Gothlin in 1933. This test 
oqnsists in subjecting the capillaries and vessels of the arm 
to increased intravasoular pressure. by means of an ordinary 
blood-pressure band. and observing Whether this strain results 
in the escape of blood through the vessels -- the appearance of 
peteohial hemorrhages into the skin. This test is widely _used 
but is not specific for scorbutus. 
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RELATION OF VITAMIN C TO INFECTIONS 
The availability of the oonoentrated form of vitamin C 
has made it possible for a number of investigators to determine 
its effeot on in.feotions. Long before this time, however, it 
was reoognized that there was a relationship between sourvy 
and infeotions. Hess remarked in his book published in 1920 
thats 
" • • * infeotion is the most important oondi tion 
which may suddenly and preoipitously induce 
sourvy • • • ." 
Experimental evidence has been aooumulating that there is an 
increased demand .for vitamin C in infeotions. 
In this oonneotion, Faulkner and Taylor, (1937), 
estimated the serum asoorbic aoid in a group of normal 
individuals, in patients with vitam c deficiency, and in 
patients with infeotiods diseases, and found that in those 
with infeotions the asoorbio acid titre reached levels tar 
below the values seen in normal individuals and often reaohed 
figures enoountered in manifest clinical scurvy. 
Rinehart (1936), in discussing the conoept that rheumatic 
fever may be due to the combined influence of vi ta.min C 
deficiency and infection states thlt, experimentally, lesions 
may develop in the heart and joints and not infrequently sub-
cutaneous nodules ooour. He turther states that in experimental 
work. no sharp line can be drawn between a disease picture 
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resembling rheuma tie- fever and one oharaoterized by a ohronio 
joint disability with pathological similaritj.es to atrophic 
(rheumatoid) arthritis. Rheumatic fever is a disease fund-
amentally oharaoterized by widespread injury to collagen,, 
(SWi~, 1936). Thus,vitamin C may play a role in the 
etiology or progression of the disease as urinary excretion 
of the vitamin is depressed. Later in 1936, Rinehart, Greenberg, 
and Baker shaw that there is an increased demand for vitamin 
C in active rheumatoid arthritis and rheumatic fever. 
In a pa.per published by Abbasy. ,, Harris and Hill,, 
(1936),, results were given for a series of 193 patients 
suffering from juvenile rheumatism, and for 88 oases of 
surgical tuberoulosis. It was shown that the infected patients 
had a marked deficit in the amount of ascorbic aoid excreted 
in their urine as compared with 64 control subjects receiving 
the same dietary intake of vitamin c. The infected subject 
likewise gave a oonsistently diminished response to test 
doses of the vi ta.min. In a la tar ~per, Abbasy ·· and Harris 
(1937) presented a report on seventeen active cases of osteo-
myelitis, seventeen half-healed oases, sixteen healed oases and 
ten controls. The range of values for the excretions of vitamin 
C by the active oases was only about one half that of the 
oontrol oases, that is, from 9 to 15 mg. daily as compared with 
from 20 to 40 mg. daily. 'Whereas the control oases w•r• all 
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well above the minimal standard level of excretion., ( 20 mg. 
per day as concluded by Abbasy., Harris, Ray and Marrach, 1935). 
with an average of 26 mg. daily. 76 percent of the active oases 
were below the standard averaging 11•6 mg. daily. Healed oases 
were normal in their range of excretions and half-healed oases 
were intermediate. The control and healed oases reacted well 
on the first day to test doses ot 700 mg. of ascorbic aoid 
per 140 pounds (63.5 Kg.), while the active oases did not react. 
until the second or third day. They oonoluded from this data 
that the degree of subnormality in the vitamin C titre goes 
· . roughly parallel with the severity of the infection and• 
correspondingly, the better healed cases show a more adequate 
output of vi ta.min C than those in the earlier stages of 
healing. 
In the same journal appears a report of Abbasy and Harris 
in which they observed that a group of 25 patients with rheumatoid 
arthritis., who had been kept on a standardized diet with a 
normally adequate allowance of vitamin C,all fell below the 
standard in their excretion of the vitamin. A group of controls 
were all above this standard. Law excretions in this series 
were associated with high blood sedimentation rates. These 
results were considered as oonfirming the conception of the 
importance of an infective factor in rhet111atoid arthritis. 
These reviews have shown that vita.min C is oonsumed in 
greater amounts by the body during infections. The following 
- 23 -
r. 
reports are indioative of the effeot of maintaining normal 
blood levels and standard excretory levels of vitamin c. 
Interest has been shown in oonneotion with the functions 
of vitamin 0 in its effect on the toxin as well as the olinical 
course of diptheria. Itumagai. Yamaga1ni. Nikai and Imai (1937) 
report remarkable ettects from the intravenous injections ot 
vitamin C in necrotic diptheria. which has been somewhat pre-
valent in .oontiliental EUrppe during the last decade. These 
workers administered vitamin C intravenously and the doses of 
l-e.scorbio acid (Roche). which was the prepartion used• varied 
aooording to .the s8'9'9rity of the morbid pioture between 400 
and 600 mg. daily. The etteot appeared almost immediately 
after the injection. the oharaoteristio f'etor from the mouth 
being the first symptom to disappear. · In a few days the 
appe"tite.returned. diuresis increased. albuminura disappeared 
and the heart action improved progressively. They go so far 
as to express the belief that in severe oases in which it 
was used as late as two weeks atter the onset. it was lifesaving. 
Moreover. sinoe the introduction of this form of therapy,, the 
mortality from neorotio diptheria in the hospital in which 
they work decreased froa SO to 70 per oent down to 30 per 
cent. It should be distinctly UJ¥1erstood that the vitamin 
O in the form of ascorbic acid does not replace antitoxin• 
but it is used as an adjunct. It was used suocess:tully in 
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this particular type ot malignant diptheria, whioh previously 
had not yielded to antitoxin alone. so it is reasonable to assume 
that it will prove ot equal value to supplement antitoxin in 
ordinary types of the disease. 
In order to find the. pharmaoologio explanation of the 
effeot. they made a systematic investigation of the protein and 
carbohydrate m.etaboliSlll• establishing the following :f'actat In 
mild or benign diphtheria• the blood sugar values are as a 
rule norm.al• in oroupous or s8'f'ere neoroti• diphtheria associated 
with dyspnea. they may increase to 120 to 150 mg. per oea'9 
Also here. the figures aooord with the severity ot the case. 
After an injection of. for example, 600 mg. ot ascorbio aoid• 
they drop abruptly and. in the course of further injections 
and improvement, they return to norm.al. 
Perhaps a better explanation may be found in the contention 
of Kligler and his associates. Leibowitz, and Berm.an. (1937), 
that asoorbio acid inactivates diphtheria toxin under both 
aerobic and anaerobio conditions at a rate depending on the 
concentration of the vitamin and the t-.perature of incubation. 
though the action on preformed toxin is slower than it is on 
the toxin during produotion. 
In the study of thirty-seven oases of aotive tuberculosis 
patients, Bumbalo and Jetter, (1938) noted an average exoretion 
of &•7 mg. of ascorbic acid per twenty-four hours, using 'bhe 
diohlorophenolindophenol method. These patients had been on 
- 25 -
~ daily ration equivalent to 55 to 65 mg. of vitamin e. 
TW'enty-tive normal, healthy children on approximately the 
same diet average 29.2 mg. ascorbic acid excretions per twenty-
four hours. 
With this as a basis, these workers attempted to determine 
the approximate amount of synthetic vitamin C required to 
establish.and maintain normal excretory levels of the vitamins in 
these tuberculous children. 
In a controlled study of ten of these patients, the basic 
eaoretion on their regular diet average 6.4 mg. over a period of 
four days. Upon addition of fifty mg. of synthetic vitamin c 
daily over a period of fifteen days, an average urinary 
output of ten mg. per twenty-four hours or vitamin o was noted. 
on the twenty-fourth day, the average excretory level had risen 
to twenty-three mg. per day. Continued feeding of this ration 
for ten more days maintained this latter level. On discontinuance 
of vitamin C, supplements.the basic levels returned to from six 
to seven mg. per twenty-tour hours on the sixth day. 
Ormerod and unKauf (iL937) reported a series of ten cases in 
which ascorbic acid was used in the treatment of whooping cough. 
In each case a diagnosis was aade from a history of contact. 
typical cough, vomiting and nocturnal paro:itysms. No cough 
plates or serologic tests were used as an aid in diagnosis in 
this investigation. In this series, they found that ascorbic 
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acid had a definite etteot on shortening the period of paroxysms 
:fran a matter of weeks to a matter of days. In a later report. 
Ormerod. unkauf. and White. (1937). inereased the number of treated 
oases to nineteen. With equally favorable results. 
Rinehart. Greenberg. Baker• Kettier, Bruoklllan, and Choy, 
(1938) found that the oevitamic acid level ot the blood plasma 
during fasting is almost uniformly and severely lowered in 
rheumatoid and rheumatoid types of arthritis. In the majority 
of oases the blood level rises after the administration of 
vitamin c. 
These writers have found that With a high intake of vitamin 
c, clearcut olinioal improvement has occurred in the majority of 
oases. The only other form of tl"eatment in these oases has been 
selective physical therapy. It is interesting that in the majority 
of instances of recurrence, the cevitamic aoid content of the 
plasma was depressed. ihe most satisfactory clinical responses 
occurred in the cases in which there was a satisfactory rise 
of the oevitamic acid content. The results in a few oases in 
which daily intravenous adininistra tion of the sodium salt of 
oevitamio acid was combined with supplements of vitamin C 
by mouth were particularly encouraging. 
These findings fit in well with the observations of 
other workers. 
uarten and Heise's (1937) findings in a series of one 
hundred and fifty tuberculosis oases compared to fifteen 
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controls are in full accord with those of Bumbalo and Jetter 
in that he found hypovitaminosis C to be the rule with pulmonary 
tuberculosis. He also shows that the degree of unsaturation 
parallels the extent and activity of the tuberculous 
involvement. 
Bullowa and Rothstein, (1936) demonstrated reduced 
excretion of ceva.tamio acid in penumonia. 
Abbasy and Yudkin, (1936), obtained data demonstrating 
diminished excretion of ascorbic acid during all pyrexias 
and toxemias indicating loss in the body in these conditions. 
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SUMMARY 
In review of the foregoing. we have seen that vitamin c 
is a very labile aoid with very high reducing powers. Ascorbic 
acid• Ca Ha Oa • (Oevatamio Acid) is the active. speoific• anti• 
. scorbUtic agent. It may constitute one of the oxida tion-reduotion 
systems of the body. 
Determinations of ascorbic aoid in the body tissues and 
fluids by chemical means are aoourate with in range of' bi-
ological error. however. iue to individual variation in absorption 
and excretion. oare must be exoeroised in interpreting the 
results thus obtained. 
Vitamin C is not stored in the body in. appreciable amounts. 
therefore the supply must be constantly renewed. The tissues of 
various organ& show a definite selectivity to the vitamin which 
apparently varies with metabolic aoti'Vity of' the organ. The 
body may beoome saturated with the vitamin. beyond which point. 
exoess amounts are excreted in the urine. With de:t'ioient intalm 
the tissue oonoentrations and the uril'lary excretion of the vitamin 
are diminished. 
The fundamental tu.notion of vitamin C in the organism is the 
C)ontrol of the production and maintainence of normal intracellular 
materials of all tissues of mesenohymal origin. In scorbutic states. 
the lesions are dependent upon this loss of power to produce and 
maintain this substance. The location of the lesions and subsequent 
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Splptoms are dependent upon the degree of depletion. the age 
of the individual (with regard to the higher metabolio activity 
in groWtb centers). and the mechanical stresses applied. All 
uncomplicated lesions may be reconciled to these fundamental 
tacts. 
i'be recent work of Ecker and.his associates is changing 
the previously accepted view that Vitamin c was not concerned 
With the organisms defense meohanisms against bacterial 
infection. The relationship between oevatamic acid and the 
immune reactivity of the body is far from settled. Kuch 
work along these lines :ts to be expected in the near future. 
Clinical evidence bas been reported indicating increased 
body requirements tor vitamin C. during infection and febrile 
conditions. It tor no other reason, diagnosis of subolinical 
hypovi taminosis C is important. It is in this respect that 
infections precipitate manitezt scorbutic states when the 
dietary of the individual baa been i.Dadequate. A partial lack 
of vitamin leaves the organism apparently healthy. until it 
is taxed by some extraordinary exigency. 
Reports have also been cited which indioates that 
adequate daily vitamin C intake greatly lessens the severity 
ot infections and shortens the convalescent period. Such 
results appear logical in the light of the studies in phy-
siology and pathology With regard to the ooJltf'ol of the 
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intraoeilular substanoes of the organs of the body. However. 
we should be aware of the faot that the study of therapeutie 
usefulness of vi ta.min C is as yet in its infancy. 
To evaluate the popularity of vitamin C as a therapeutic 
adjunct is ditticul t for we are dealing with a substance which 
was used for years before its f\mdamenta.l properties were known. 
The "antiscorbutio principle" apparently went through a period 
of excess enthuslasm during the post world war era. Now• 
following the isolation and recognition of asoorbio acid. the 
substance h8s been the basis tor DUllerous experiments, but 
its increase in use therapeutically has been more or less 
steady, though progressive. 
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